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Abstract 
A new method of synthesising nano-particle-functionalised nanostructured materials via Aerosol Assisted 
Chemical Vapour Deposition (AACVD) has been used to grow WO3 nano-needles. Co-deposition of Gold 
(Au) nanoparticles with WO3 nano-needles has been implemented to deposit a sensing layer, which has 
shown surface plasmon resonance. The performed optical and structural studies had demonstrated that 
these materials have a high potential for an optical gas sensing. 
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
With the growing of industry, the emission of different pollutant gases like CO2, NH3, H2 is increasing. 
In order to control the emissions from industry and other similar sources, we need sensors that can 
effectively detect these gases. Nowadays, existing gas sensors have certain issues related to their sensing 
properties like low selectivity, slow response and non reproducibility. This increases the demand to 
develop a gas sensor with faster response and higher selectivity. One solution is when the sensor operated 
on the principles of optics and photonics, this way the response time can be enhanced. Furthermore, by 
optimization of the growth and structural conditions we can overcome the selectivity issue. The problem 
is to have materials working on these principles and then to grow them. The applications of tungsten 
oxide (TO), especially in gas sensing, are in focus of the researchers for more than a decade. Moreover, 
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TO has been of a great interest in the last few years due to its promising electrical and optical applications 
for gas sensing. Its functional properties can significantly be enhanced by lowering the feature size to 
nano-scale, structuring the film morphology and improving crystallographic texture of the film grains 
[1,2]. TO nanostructures (nanorods nanowires...etc) can offer a high surface to volume ratio, which could 
promote its sensitivity towards the gaseous components. The new growth techniques and state of the art 
characterization open more doors to pave the way for developing new devices with TO. Herein, we 
demonstrate the deposition of thin film by AACVD, which is a recently developed new method for 
deposition of TO nano-needles. AACVD is a variant of the traditional CVD process involving the use of 
liquid–gas aerosols to transport soluble precursors to a heated substrate. The method was traditionally 
been used when in a conventional atmospheric pressure CVD (APCVD), the precursor proves involatile 
or is thermally unstable. However, by designing precursors specifically for AACVD, the restrictions of 
volatility and thermal stability are eliminated and the range of precursors suitable for deposition is 
broadened.  
1.1. Method of preparation 
A new method of synthesising nano-particle-functionalised nanostructured materials via AACVD has 
been used for deposition of TO nano-needles as a sensing layer on quartz substrate. Recently, this method 
has been used in the department of Electrical and Electronics Engineering of the University Rovira I 
Virgili (URV) to deposit WO3 nano-needles on alumina gas sensor substrates [3]. Considering that, in the 
series of our experiments we grow the TO nano-needles applying following procedure. A piezoelectric 
ultrasonic atomizer was used to generate an aerosol from a precursor W(OPh)6 synthesised according to 
the literature [4], dissolved in a 50:50 (volume) mixer of acetone and toluene. For the synthesis of Au-
functionalised TO nano-needles a precursor mixer (5 mg HAuCl4. 3H2O (Sigma-Aldrich, 99.9%) in 2.5 
cm3 methanol (Sigma-Aldrich, Z99.6%) and 75 mg W(OPh)6 in 12.5 cm3 acetone (Sigma-Aldrich, min. 
99.8%)) was prepared. Moreover, for all the experiments the concentration of the solution was kept 
6.7Mmol and the precursor aerosol was transported to the heated substrate by a nitrogen (Carburos 
Metàlicos, N2 Premier) gas flow (0.5 Lmin-1). Under these conditions the time taken to transport the entire 
volume of the solution, i.e. the deposition time, was typically 45 min. The substrates used were 10 mm 
x10 mm x 1 mm Quartz with inter-digitated Pt electrodes (gap: 300 mm, thickness: 9 mm) on the top side 
of the surface and a Pt heater on the back side. The first experiment was made by applying the same 
deposition conditions used and described in the reference [3]. It was found, that when applying the same 
method on a quartz substrate and using the same conditions of deposition and solvents, a nano-crystalline 
film of TO nano-grains was grown. This result was different from the initial experiment where TO nano-
needles were grown. In the second part of the experiments the solvents were changed and the substrate 
temperature of the deposition was increased. This way we were able to grown TO nano-needles onto 
quartz substrate. The experimental conditions used are described in table 1. 
Table 1. The different samples and the experimental conditions used.   
Sample Substrate Temperature T [ºC] 
Deposition 
Time 
[minutes] 
Precursor W(OPh)6 
[mg] Solvent Morphology  
1 500 60 100 Acetone +Toluene Oriented Nano-grains 
2 400 25 75 + Au(5) Acetone+Methanol Nano-grains 
3 500 50 100 Acetone+Methanol Nano-needles 
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1.2. Structural characterization 
In order to understand the crystalline structure of the samples XRD measurements was made. A 
crystalline phase has been observed clearly for the pure TO samples, with only two peaks assigned to the 
crystallographic planes (020) and (040) of the P21/n space group belonging to the monoclinic system. 
XRD patterns are shown in fig. 1 (a). The grown structure is highly oriented in the (010) direction. This 
preferred orientation is similarly reported in [5]. Regarding to the XRD of the film with Au nano particles 
we did not observed any significant peaks neither from TO nor from Au. Furthermore, annealing 
procedure was conducted for these crystalline films. However, not significant changes in the phases and 
structure were observed. 
 
 
 
 
 
 
Fig 1. (a) XRD graph of the three different samples deposited according to the conditions described in the table 1; (b) 
ESEM image of the sample 1; (c) ESEM image of the sample 3; in (c) the nano-needles can be seen clearly. 
1.3. Morphological characterization 
The environmental scanning electron microscopy (ESEM) was used to analyze the surface 
morphology of the TO nano-needles. The ESEM images taken are shown in the fig. 1 (b, c). We can see 
that the image of the sample 1 (fig. 1 b) it comprises of only nano-grains. In fig. 1 (c) is the image of the 
sample 3 and it comprises of the nano-needles however not crystalline. The size of the nano-needles is 
about 2-3 Pm in length and 90 -100 nm in diameter. Due to the very low dimension of the grains found in 
sample 2, it was not possible to take any image using ESEM.  
1.4. Transmittance measurements  
The transmittance spectra of these nano-needles and nano-grains grown via AACVD have been 
performed using Varian cary scan 500 spectrometer. The obtained graphs are shown below in the fig. 2. 
The presence of Au nanoparticles has been confirmed by the existence of surface plasmon resonance 
(SPR) in the optical transmittance. As it was expected, the SPR band is located in the visible range, 
around 550 nm (seen in fig. 2). This evidence makes this material very promising for room temperature 
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optical gas sensing. However, the film of the sample composite of oriented nano-grains was not enough 
transparent for the transmittance measurements. 
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Fig 2. Transmittance of the sample 2 and 3. SPR is present in sample 3 where the sample was decorated with Au 
nano-particles. 
 
Conclusion  
 
Herein, we have demonstrated the fabrication of TO nano-needles via AACVD for optical sensing 
devices. The structural and morphological properties of newly grown TO films via AACVD have been 
investigated. The crystalline structure has been identified using XRD measurements, which show 
monoclinic phase. The performed transmittance measurement on these films suggests that it is an 
excellent future material for the optical sensing devices. Furthermore, for the Au decorated TO films we 
were able to see SPR in the visible green region around 550 nm. 
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